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(57) . A single-crystal. silicon substrate having a sur- 
face layer which has been heat-treated in a reducing at- 
nnosphere:ednlainingi.hydrogen/is prepared^^ 
plantation „layer jsi.formed by : implanting oxygen. :ions. 
:Subsequently» a..buried oxide film (BOX) layer Js formed 
by a desired heat^reatment utilizing -the : ipn-implanta- 
tion layer. An SOI substrate having a single-crystal^slli- 
cbnr layer (SOI layer) which is formg.d,on..the BOX .layer 
and has a r^niarkably .reduced number of defects such 
as-GOPs (Crystal Originated Particles) Is obtained. . 
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Description . ^ 

BACKGROUND OF THE INVENTION 

Field ot the Invention 

[0001] The present invention relates to a semiconduc- 
tor substrate and a method to manufacture a semicon- 
ductor substrate, and more specifically to a method to 
manufacture an SOI (Silicon On Insulator) substrate 
which has a single-crystal silicon layer on an insulating 
layer and an SOI substrate manufactured by the rneth- 
od. The present invention relates in particular.tq an SOI 
substrate which is manufactur,9,d by a nnethod. referred 
to as SIMOX {Separation by irnplan|ecJ Oxygeq) ,^^^ 

Od. -:!.•: 



Related Background Art 



[0002] Many./.esearches.haye b.e.en,,niade^bn 
tion of single-crystal silicon semicoi^duct^^^^^ an 
insulating material since it is widely koowo.as.Asjr 
on insulator (SOI) technique .^nd;^pf??^!fi^Sv §^^^ 
which have merits unavailable with qr,dinary,bu.lk.^^^^ 
substrates used to manufacture silicon integrated cir- 
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[0007] The researches on the SOI sUb;^(ate has been 
mad^^vigb"rduslf sihTEe-^bo'u^ ResearcHes have 

been made vigorously on a method which' heterb-epi- 
; ta>cially>grows ;sinplerprystal Si on a sapphire substrate 
which is an insulating material (SOS: Sapphire On Sili- 
con), a method which forms the Spl structure iDy isolat- 
ing a dielectric materia^, by oxidation .p^^^^^^^^ 
(FIFOS: Fully Isolation by Porous Oxidized Silicon), a 
bonding method :an(;J.^n pxygen ion implantatipn meth- 
od. 

[0008] The oxygen ion;ii)ipla,nt^tjon ,iT?.?^l?o^ l?,^ nr)eth- 
od which was reported first by k! Iz'urni and is now re- 
ferred to as SIMOX .(K;i2umiyM..Doken an^ 
Electron Lett. ^14. 4^''593'^ti^ Implants 
' oxygen ions IrSo a silicon \wafer ^<y^^y$^^S^^ ^^^^ 
to 10i8/cm2 as shown in Fig. 11 A'tFig^^^^ then 
forms an oxide layer i:d5 by^anQ^lH;i^ tem- 
perature on the order of 1326'*C in ah 'a?gbh-oxygen at- 
mosphere (Fig:,;lAfi). A^:^ »'^R!V |p??!T^P'^n!??*TO-'^ 
ions couple >Sit,lT-s;ilj^^^^ ^.^^uif^jd^ a .depth correspcri dihg 
to a projection'range '(Rp) of thV iniplanted ions, thereby 
forming^^a^.silico^ .oxide Jay^rjapbtaici an SOI. substrate 
107. (An ibVsubstrate man utilizip^^^^ SI- 

tr^w TcAt^rre^cK to as an "SIMOX wkfef" nereinaf- 
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MOX will be referred to as an 
ter.) 



possible to: ■• • • 



1. Facilitate to separate dielectric materials and 
highly integrate circuits. r 

2. Obtain excelleni'resisiance to radiation. 

3. Reduce floating capacities and accelerate 
speeds. i 

4. Onriit well process.. tv ^ . i j 

5. Pr^ent latcHup.- ' ' = ' 

6. Mahufacture completely depletion-mode field ef- 
fect transistors by thinning silicon layers. l 

r ■■ ' ■ \ \ 

[0003] (These rneirits are described .d^lailedly, fori ex- 
ample, in gpecial Issue: "Single-crystsir silicori on rion- 
slngle-crystal insulators". e"dited by G: W. Cullen, Jpur- 
naPbf Crystal Growth, Volume 63, No. 3. pp. 429 - 590 
(1983).) ' 

[0004] Furthermoi-e; Jihaf beehireport^^ in these sev- 
eral yearsihat SOI substratie permits enhancing a speed 
ot MOSFETarid bwerihg Its jpjower cbri'surinptibn (IEEE 
SOI conference 1994): 

[0005] . .Furthermore, use of an SOI structure wherein 
an SOI layer is disposed on a support substrate by way 
of an insulating layer makes jt ppssibje to shorten a time 
for a devlde prdc^essing step ^ihbe an elehient disposed 
on the insulating layer can . be . separated in a simpler 
process than an element formed on a bulk silicon water. 
[0006] That is. the SOI substrate is expected not only 
to enhance perfornnance of ICs but also to lower total 
manufacturing cost thereof Including a wafer cost and a 
-processing cost as compared with those of MOSFET 
ICS. 



its power consumption (described in detail in Proceed- 
ings bf 1994'ilEEE International 'Silifeon^n-lnsglator 

30 Cdnfgr^nfce):^^'^:^^'^'^'-"- '•^"i"--^'*^''- ? 
[0010] Completely depletion-mode. 'M 
factuired by utilizing^'the SOI: substrate, is ie^^ 
• have-faster spfeed'and'c 

as'g^dfrvihg^pfewer is enhancedirOt; boii^r b ^ v ; 

35 i0d11]v : Fuhhermore; the ^SOIrstructure wherein ;an:in- 
sUlating layer is'disp^ under an element allc>ws: the 
element td-be sepiSrated in a sirti^ 
elehtent fdrmed^bh a bulk'silicoh«wafer,ytliereby-short 
ening a time for a device processing step. 

40 [0012] That is, the SOI structure is expected not only 
to enhance performance ot ICs but also lower total man- 
ufacturing cost thereof including wafer costs and 
processing costs as compared with those of MOSFET 
ICs disposed on bulk silicon wafers. 

45 [0013] A CZ water is generally used as a silicon sub- 
strate to manufacture an SIMOX wafer. The CZ wafer is 
a single-crystal silicon substrate which is manufactured 
by a Czochrlski method. 

[0014] The CZ wafer contains grown-in defects such 
50 as COPs (Crystal Originated Particles) and FPD (Flow 
Pattern Defect) which are peculiar to a bulk wafer 
[0015] The COPs (H. Yamamoto, Problems Posed on 
Large Diameter Silicon Wafers, 23rd Ultraclean Tech- 
nology College (Aug. 1 996)) and FPD (T. Abe, Extended 
55 Abst. Electrochem. Soc. Spring Meeting Vol. 95-1, pp. 
596 (May. 1995)) have sizes on the order of approxi- 
mately 0.1 to 0.2 pm. . 
[0016] The COPs and FPD will be described in detail 
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later. ' ' • . . .-^ : ... . ; . 

[00t7] When a super LSI was manulaclured with the 
C2 wafer. the defects such as the COPs conventionally 
influenced little on device characteristics since a device 
was manufactured, with a sufficient- margin for. the s 
grown-in defects; . .! . . ^ 
[001 8] - -Taking DRAMs as an example for which design 
. rules, have been changed to specify 0.5 )im for ISM- 
DRAM and 0.35 ^im for 64M-PRAM.. however, influenc- 
es due to COPs are more and more remarkable on de- io 
vlce*characteristics and yields thereof. • 
[0019]. Above all., it. is said that- a design rule will -be 
modified to specify 0. 1 to 0:1 5 ^m for 1 G-DBAM. . 

SUMMARY OF THE INVEtslTION : ; • . , . ' l' 75 

: [0020]' A primary, object of- the present invention .is to 
provide a semiconductor substrate-which-is scarcely de- 

. if ective and a method to manulacture the semlconductor 

.•substrate.,.: ..... , , . 20 

[0021] Another object of the present invention. is to 
provide a method to manufacture an SOI substrate hav- 
ing an SOI layer which contains no or a reduced number 
of 'defects such as, COR FPDandOSF peculiar to a bulk 
silicon wafer, and an:SOI substratei..comprising a buried 2S 
oxide film which has. an excellent .quality- :. 
[0022] : According. to an aspect of the present inven- 
tion, there, is; provided a.method for manufacturing a 
semiconductor substrate comprising the steps of: 

30 

-preparingva . hydrogen-annealed single-crystal.sili- 
' '^bon substrate; " ! • , . - . . „ 

•'forming an ion-implantation layer by implanting ions 
in.the single-crystal silicon substrate; and 'r.-o.. 

-^lorming a buried insulatingJilm ih.the single<jrystal 3S 
f'rsiliqpn sybstratei \;, - - . 

[0023].: AcGording to another aspect of the, present |n- 
veritiori, theire is; provided the above-mentioned. method 
for manufacturing a sen^ iconductor substrate., wherein 40 
a protective; layer is formed. on ihe'single-crystatsilicpn 
; substrate ?fter4he;hy.drGgen.annealed s 
vicon::substratejis prepare 

tlon.|ayenis f ormed; and. ions are implant edf rem the side 
of the protective layer. .... ... 45 

[0024] i. Aceording.to still another aspect of the present 
Inveritionyihere Js provided the aboye^entioned meth- 
od for manufacturing a semiconductor substrate, com- 
prising a step of cleaning the single-crystal silicon sub- 
strate before forming the ion -implantation layer. . so 
[0025] According to further aspect of the present in- 
vention, there is provided the above-mentioned method 
for manufacturing a: semiconductor substrate, wherein 
the single-crystal. silicon substrate is heat-treated in an 
oxidizing atmosphere after the buried Insulating film is ss 
formed.; 

[0026] According to further aspect of the present in- 
vention; there is provided a semiconductor substrate.ob- 



tained by the. method mentioned in aboye. 
[0027] The present invention realizes a;process com- 
prised of heat-treating the Si substrate in a reducing at- 
.mosphere containing hyd/ogen. forming an ion-implan- 
tation layer in the layer in which COPs and so forth, have 
been decreased or in a portion below the layerirheat- 
treating the resultant.structure to jprm the burjed oxi- 
dized Si layer. which rnakes possible to. exclude or .de- 
crease the. defects peculiar to bulk Sj such a^ CZ w^^ 
As a. result.. the present inye^tion^enables.;1he yield of 
the product to be improved. It is said that while. a,. .wafer 
having:a.Jarger.diamejer j^^^^^^ be, desired in. fut We. the 
larger the. desired diameter is. the.harderthe. pulling up 
.of single crystalline bulk siJicon \yith high /quality is. so 
that the quality of such a bulk Wafer will be deteripr^ted! 
Accordingly, in the; process :ot,S I MQ^ it wilj be re^ 
quired more and more to heat-treat1he silicon s.ubsrrate 
inthe..reducing.atmpsphere;contalninghyd^ 
the oxygen ion implantation step in^the -process of SI - 
.MQX .wafer. , ^ .•.:.*.,,:TV''"V'r. ''':y ' 

BRIEF.DESCRIPTIONOF THE DRAW^^ . \ ^ 

.[002^ " .".'-r"''^ ^.r'* '' ' ' 

w Fig- 1. is., a flowchart exennplifying .the method ' to 

. : manufacture a serniconductpr substrate. accordjrig 

... tpjhe present iriyentipn; 

■' Figs;:2A, 2B. and 2G are schematjc sectional views 

• :■: exemplifying the method to. manufac^ a semicon- 
. ; ductor substrate according to the present inyentiori; 
- .9 is a schematiq pQp 

• contained in a :6;illcpn:^ub^^ 
: . Fig: 4 is a schematic diagraiTi^^d^^^ 

contained in. a, silicon s.u^^^ .. . ^ . 

. , Flig,, i^. is a;,schemati.cydiagra^^^^ of tbPs 

. . cpntairfied in a silicon sub^^ . , 

• Figs:.6A. 6B. 6C and.BD are sch^ 

views descriptive of a first embodiment of the 
-.present inveritior}; , ; l--^^ 
Fig,. 7 is a flgyychart des^^^ emboTd- 
. ^.rinnent of t(^;e prese.pt ;" 
Figs. 8A. 8B. ec. qb awi sectional 
yiewadescrjptiye of the second. ernbodimerlt of the 
^ present invention;, .7 ' ' ' " 
Figs. 9A. 9B. .9C, 9p and 9E are scbernatic section- 
al: Vjeyvs, descriptive .of la third embodirrient of .the 
. present inyerition; ^..J 

F:\gs, 10A, 3pB. lOC^d IPD are^^ 
tional.yiews descriptive. of another, example of the 
first ernbpdirnent of the present. invent iori;, and . 
Figs. 11 A. 11 B and ilC are schematic sectional 
views.descriptiye for mariufacturing steps for a con- 
ventional SI MOX wafer. 
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DETAILED DESCRIPTION OF TWE^ PREFERRED 

EMBODIMENTS-'-"'-'- "-rt <•■'"• ' • • ^-'^''"'l 

[0029) ' The present invention will' be described first 
with reference to a flowchart shown' in Fig. 1. - 
[0030] First; a single-crystal silicon substrate which 
has be'eri heat-tr6ated in'a reducing atmosphere con- 
tairiirig hydrogen (Kereinaflef referred to as "hydrogen- 
anheaied-) is prepared (SI )^ An ion-implantation layer 
is fdrmed by irnplahting dxygen ions into the single^rys- 
tal silicon subs^rate•(S2)/•Ther^;• a'■bu^ed dxlde^(^ 
layef'is'fb'rrhed in'the single-brv-staPsilicon substrateby 
heat-tfe^lih^ the single-crystal silicon substrate in de- 
' sired cb'riditidris (S3)l An SIM03l( wafer according to the 
preseiit iriveritibms obtained i# 
[0031] ■ The-prWent inVentibh-'W 

'concretely below:' ' s- -' .' '.^ 

rob32i- '^A sihgleicryktal^ilicbri 

gurfafae'layeV 'which-'has '■beenf^heat-treated; In a _re- 
duclng atmosphere containing hydrogen Is preparedias 
shown in Fig. 2A. The suriace layer is a less defective 
layer in which'the grown-in defects such as CO Ps pe- 
culiar to a bulk wafer and defects such as OSF are re- 
markably reduced (the suriace layer 22 may hereinatler 
be referred to as "less defeclivo layer 22'). Speaking 
mBre bbncret^V; tH^ 'abbveWentibned surface <layer in 
sihgle-crystal substrate 21 is a layerthe'-number of COP 
or FPD or OSF in which is srihaller than that in another 
pbrtiort of the sariie sub'strate. thbUgh'the surfate layer 
22 which has been hydfbgy-n^ahiS'ealed iS 
f rbrti ahbth'er regibrt 23 in Fid^2Ava 66^^^^ 
surface layer 22 ahd the other region 23 is actual^ not 
clear A reference niifnerSI 63 in FigsVSA through 6D. a 
refeV^ncehairi^ral 83 in Fig^;8AlHi-ough 8F,:a reference 
numeral 93 in Figs/SA'iht'qflgh'SE^Ejnd ^ referenc^ 
mer^l123ihTigs?l0'AthYciiS^|W'^ 
gions. like the regiorf 23 shbwh in Figs. 2A through 2C. 
.x,kS*^h ii;ro wher 'thari''suW&ce^Mayers-i formed on sub- 



Whfeh are bihef fhari ^'surf&ce-Mayer^^^ sub- 

[0033]" Then, an ion-implantatldri Wet 24 is^ formed 
gii'^lhovih in -Rg: 2B by-imF)iantihg b^ . 
[0034] Utilizing the ibn^implantation l^yer 24. a buried 
Wia& filrrt (BdX)%er25-i^ fb^riTied by periorming^a de- 

sireca hea«'rtent- (Fig: ^'f^^'^^^^ 
Which has a single-crystal silicor* laydr (SOI layer) 26 on 
th^ BOX Ibyef 25 is obtained Iri'thls way. ' ' 
r0035]' The prWsent 'inventiori rfi'aKes It possible to ob- 
tain a high quality SIMOX wafer'wHlch^has ho tfefecU 
such ^s COPS on a surface 'and in ah inte'nor of>the SOI 
lay^r 26 or cohtalhs such defects in ia-nunnber remark- 
ably smaller than that of defects in -arn'ordindr^ 

■fer 

r6b36] The defects such as COP. FPD and OSF pe- 
culiar to the bulk wafer are inherent iiia CZ wafer which 
is ordinarily used to manufacture an SIMOX wafer^ 
Though causes for these defects have riot been clarified 
"yet a has been reported that each of the defects is 
strongly correlated to a concentration of oxygen con- 



tained in a wafer, and the defects such as COP and OSF 
are liable tbibeiproducedat high oxygen 'concentration^ 
• (lor example, . in "Problems on. Silicon Crystal Wafers 

(Realize Co:. Ltd.) p; 55). '.j r • " ' ''IV'^kL 
s [0037] The OSF (oxidation suspicious film-defect) is 
produced frorri a fine defect which is introduced asa nu. 
cleus of crystal wafer during its grovirth and madeiyisibje 
at an oxidation step. A ring-like OSF may be observed 
for example, when a' wafer:surface1s subjected to wet 

10 bxidatibk . •■••'■■ ' • ' ' V 

[0038] Furthermore, the.GOP andFPD which are^ob- 
servablewithout a heat-treatmeht are considered as de;- 

fects attributable to the same 'caUse' and. though both 
these defects are not defined strictly, it is the that the 
.5 COP means an etch pit^which' lis detectable- w.ith',a.fine 
particle detector or a foreign matter detector utilizing 
light scattering after wetting a- wafer, in SC-.l (Nlfl40H/ 
HWo.soimtoni,whlehiisi6ne:Gf element solution:.of, an 
RC/lcleariin-g.solutiort.;ahahthat FPD meansan etch pit 
20 which is obsen^ed through an optical "ifcri^c^e^fler 
wetting a wafer in a Secco solution (KaGraOy/HF/HaO) 
for •about;30'mintites. •;■ • 

roosgi vThe^present invention f brrns the .SOI layer 2e 
keif so asito havfe ob: on a reitia-rllably reduced number 
25 ,6fdefects^such^as.C©Psinceitformsthe.8Ufface.layer 
22 in which the defects feuch as COP described above 
disappear or are* reduced by annealing the surf 
thersilieort^SubstraVe withmydrbgen and then f orms the 
BOX layer'25 by'implanting oxygeniions into the silicon 

'30 substrate. r./-^ v. 

r0040T -"A cause foil the disappearahceiofithe COP by 
the hydrogen-annealing will be described .With^reference 
^Fig: 3i^''.i'^'i V-; - '•;:.:-u■.'^^^^■.:: ^■■ ; ' . 
[0041] i |n th6'figure,t reference numerals 3:1i and 3d 
35 represent the- COP ah-d.ai.siliconatom^which.are.sch^^^ 
matically shown respectively. Reference' numeral 33 

represents an oxide film. ^ , 

[0d4213!-lt'is.corisidered that'ian oxide, film' 33 iseveral 

haHbmmerthickexistsbn aninsidewall of^the GG)P 31 . 
40 Whef. a silifcbn -sVbstratels hydrogen'-'ahriealed.-theiox- 
ide film 33 is rehioved by a reducing fu.ncti,on;pl)hyd,ro- 
deh ' and a^def ective pbftibn vis.graduai 
V^'a^rahgementofSia^^^ 

appears (Derishi-Zaifyou(EleGtronicvMaterials); .June. 

45 pp. 22 - 26 (1998). \-''''^'' ''^ 

10043] It has been conventionally attemptfed tb obtain 
high^ i^tiality siMOX wafers ^ by .utilizing^hydrogen-=an- 
nealin'g. -- ■ ' "■ ' " ' '■ 



so (Descriptibn will be made adequately using reference 
hurherals shbWn In Figs. i1 A th rough. ! LC-)'^ <^'- 

[0044] Jap-ahese Patent •Applic.ation Laid-Open No. 
10-41241 discloses a hydrogen^annealing which -is el - 
65 lected afterformmgthe BOX layer 105. According to this 
patent, a temperature for the hydrogen-annealmg is 
. within a range between 800»C and 1000'C which is not 
lower than a temperature at which oxygen between lat- 
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lices of the SOI layer 1 06 is reduced and not higher than 
a temperature at-which reduction does not proceed to 
an- oxide film on. an interface of the BOX layer 1 05. 
[0045] Fig..4 is.an enlarged view of a region, ill 4 
shown in Fig. 1TB. In an oxygen ion-implanlation layer 
1 04 in a silicon .wafer, oxygen ions are distributed, within 
a rather broad range around. a center ;(49 in Fig 4) of a 
projection range Rp. When the wafer is subjected to a 
predetermined heatrtreatment. oxygen existing .in re- 
gions^at which oxygen concentrations are: low collected 
around the center 49 of the projection range R at which 
oxygesn concentration is high, thereby contracting the 
distribution smaller than that before the heat.treatment 
Pensities: of slashes in- Fig. ,4 schematically represent 
concentrations of.oxygen. Fig.;4 shovyspxygen.concen- 
Irations which are lowered from the center 49 of the pro- 
jectiprj range Rp|. . . 

[0046] When COPS41 exist in the vicinities of the ton- 
implantation layer 104. however, oxygen, ions arei^cpl- 
lected around not only, the center -4.9 of, the projection 
range Rjj . but also the COPs 41. Accordingly, COPs 51 
are grovwi larger lhan.those before forming a BOX layer 
55 (Fig. 5). This growth is considered due to a fact that 
the CpPs have oxide films on their.in.sideiwalls as.de- 
scrlbed above and make their ,internatoxy,gen concen- 
trations higher thanjtb.ose in ^surroundings. . ' 
[P047J Aper the BOX layer 55 is formed, the COPs 5 1 
grow large:in the vicinities of the BOX layer 55 in partic- 
ulari thGreby being hardly removable. „ 
[0048] : iFurthermqre. Japanese Patent Application 
,1-a.id-Open.No. .64-72P33 and, Np.- 8^461 61 disclose a 
heat-treatment which is performed to form the BOX lay- 
er 105 not in an argon-oxygen mixture gas but in a hy- 
drogen gas atmosphere after implanting oxygen.ions in- 
to thesilicon substrate. 

[0049] Though oxygen conceniralions in an oxygen- 
ion-implantation layer 104. are, distributed in a pretty 
broad range around the projection range R.. this distri- 
bution is contracted andthe BOX layer 105 isfonnedby 
the heat-treatment. . 
[0050] . Accordingly, :.oxygen which can coritribirfe "to 
•the formation oHhe Bp}< layer, 105. is also reduced and 
finally remoyed .when Jhe wafer is. hydrogen-annealed 
.as an attempt to vanish GpPs existing in the vicinities 
of an interface of the BOX layer 105. In other words 
oxygen to be.used for forming the BOX layer is lost as 
the .CORs disappear, whereby the BOX layer may be 
thin... 

[0051] According to the present invention, a silicon 
substrate is hydrogen-annealed before oxygen ions are 
implanted into the silicon substrate. 



of^defects such as COPs. . 

[0053] Furthermore, not only the CZ wafer, but a|s,Qa 
Silicon .wafer manufactured by an MC2 method (Mag- 
netic^Field Applied Czochralski Method) (hereinafter' de- 
ferred to as.an.MCZ .silicon wafer) is preferably usable 
as a silicon substrate to be. hydrogen-annealed It has 
. repprted ttiat the MCZ method is capable for man- 
ufacturing a, wafer.wbile suppressing enlargement bf 
COPs containecl in silicon more effectively than the CZ 
^o methqql (Denshi-Zairypu(Electronic Materials). Junb 
(1,998). p. ;22). By annealing the MCZsiifcon wafer with 
hydrogen, it is,possit!le,!o,form aJe.ss defective.iayer22 
whKhhja,s,a quality higher than that of a less defective 
layer pbta.iried byannealing the ,CZ wafer with hydrogen 
[00?4] , , It is also preferable tp determine 'specific re- 
.sistance. Of a silicon wafer tp.be. used coi;isidGring into 
consideration a.fact that ifje hydrpgen-anneaiing caus- 
esqutwarddiffusipnxMlirtipurtt 
,phorus from inside silicpp 

(Step to formless .^e(ect|Ye -byer by hydrogen- ^ ' 
annea.lirig), ■ .'. ' ' ' 



(Silicon substrate) 

[0052] It is preferable to use a bulk sificon wafer, a CZ 
wafer in particular, as a silicon substrate and anneal the 
silicon substrate with hydrogen to prepare a substrate 
having a surface layer 22 which contains 'a small number 



[0055] When a CZ silicon" wafer: which ordinarily, c^^^^^ 
2S ,ta!ns,o?ygeri on the prder,pf ipitatoms/crTi'a is hydro- 
gen-annefalecj, oxygen is diffused outward from' insid^^ 
the wafei; whereby oxygen ^.pncentratipns areloweVed 
.pn,a,surfa<?e .of tlje..w^fer.:^n,d in the vicinitigs-ihereof ' .' 
[OOSg . The lowering of the ■pxygenlconcentrations im- 
30 Proves a qualitypfa^surfaee layer of, iHe. wafer; there^^ 
permitting forming a,surfa(:e byer 22 which has a small- 
er number of defepts such as CORs andCDSFs (the si/r- 
ace layer may hereafter be referred to as 'less defective 
layer")..,,,, ,. _ ; ■ ' ' - ' ' ■■ . 

^ [0057] .Speaking of th.e COPs. the CZ silicon wi^r 
contains CQPs at a,density,:of lbs to ib^/ariS and ah 
Srinch pz wafer.; fof-exahiple contains COPs In a 
nunriberpf 400 Ip.'Spp COPs per.uhit waf er in th^ vicinit^ 
pf Its surface. When the C2 siiicon, wafer i^ hydro^er.: 
■ . ^'^•'^^^!«.*,i^Py^ye/^«?.e.num.berof COPsIs^^^ 
,., reduced ,ip r9,or,,?p,.;in the .vicihiti^ of. the surfac^: tfi^i 

,,i?, a.substantia!iy.:dete^^^^^ 

, Zone) IS , formed. The expreissipn "the number per Jhit 
waferrm^ns herejh the number of COPs or the like per 
area to be occupied by a Wafer. In case of the 8-ihch 
wafer, ttie number per unit wafer is.the number of COPs 
in an-area of about,324 cm^j; ' ' .:><; ,': 

[00.58] .V Ta.king requ|red.thicKness of the Sofiayer inlo 
consideration, it is preferable, ti form the less, defective 
layer.22 formed by the hydrpgen-anneaiiri^ so as to 
have thickness ori .the order of 500 to SbOprrn^ • ' 
[OiOS9] An.oxygen.concerijralion in the less defective 
layer 22 is not.higher «)an f x'lOie atoms/crh3. prefer- 
abV not higher than 5, X lOi? at'oms/cmS. more prefer- 
ss ably not higher than 1 x i oi ? atoms/cma. 

[0060] It is desirable that a COP densHy per unit vbl^ 
.. .. unie in the less defective layer 22 is not lower than 0/cm3 - 
and not higher than S X 10fi/cm3, preferably not lower 
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than 0/cm3and not higher than 1 x 1 06/cm3. rr^'^ Pr^ 
eraSiy not loWer than 0/chi3 and hot higherthan 1 X 10 / 

cm3 It is desirable in partibufei- that a CGP density in a 
depth- regibh f rorti an 'outferrnbst surlaee of the surlace 
layer 22 to a projectidH- range 61^ ''"P'^"'®^,^"^ 
witfiin the"' range s'ptecified above, f-; 
[66611 ' Furthermbrfe; it is desirabl&fbrthe 8^nch wafer 
that tHie number 61 COI^s per unit water in the less de- 
t'ective layer 22 is ribi Snrialler tHan 0 arid hot larger than 
566 preferably not'snfialler tH^'n 0 and' hot larger than 
ibb' more preferably n^t'sWaile^lhari O and riot'larger 
th&^i'so'.furthermbreprefeFably'hbt^' 
not- larger tH^h t6; It is desirSBle in particul&r that the 
rtumber o^' 'COf^s pe> urSit WMer-bti'the siirface of the 
Wafer iswithVrS the r'sihge nbfgmaller^than 0 and notlarg- 
'^rthk'h'i06^^pecif5eaabbve:a 
csh-'a VuWace'bf a^ viJgl^er Ohder '^ strdrig tendency to be 
cond^rated withiri'a range «t 6 c 
ofthe wafer, it is desirable that aia^^inchWaferora larger 
wafer has the number of COPs per unit area which .s 
on the order of irtM ibf thfe'S^iHcWafen The' expression 
"the number per unit wafer' means "the number per wa- 
fer area- and in case of the BMnch wafer, for example, rt 
is the 'nurnber iif doPs per about 324 cm2. ' - ; ; 
[006^1 ' PuVthenhore. ii is'de'sifeble that the number pj 

0/crV,2'ahd Wb^ laFpV^h'ariOV^^^^ 
nbt MeVXhih'byg^r^'^r^fhtrf 

rob^Si ■ 'W^'riiimbfer'&f FPDs p'er^uhit area ot the less 
a^fe^ivej^e^S^^&hlM^sfli^rtgrt^^ 
e r thah 5 ^' lO^/brn^. more p ref erSbiy riorsrnaHer than 
b/b^'2'arid n6t'larg€!rthan'V'5>< XO^icm^ , 
r00641 When the less defective layer 22 is definedlDy 
dSF^s.'it1^'aesi'rkbl4thatWden 
IS ribt We^ thaft -Ofei^* 
preferaBh/n6Vlbw6rtKan'0/c.m^ 
56/brnSrmore:pfefefably;i^;io^^ ^^^^ " 
hibH'e^ th'^ri' f O/crii^. ' ' •'■ ' ' ' ' , ; ' ..... 

f666Si The' r^ducihg atirib^phSre' containing hydro^ 
pi whllH^K W'tie ui^d1brhH#4nSatriientH6;f^ 
&&agieblK)e layer 22rm )=i^^^^^^ ^9^^ 
of hi^ci^og^ri; a riibcture gas of hydrogen ;and rare gas 
O^libh as ^AV He. Ne; Xe^br Kr);W^^ 
dfoqen and nitrogen. . . .. .. , , : „ . .i .^ ai 

toold ' it is desifabie^tdiiferfwm the' bydrogen-^nneal- 
ng at a temperature whichTi hSt loWer thmSOO 
rioi higher lhah-W melting poiM of the silicon substrate. 
pfef^/Sblf hot ibwbr than 860-& art 
metting ^ht of the Wiil6oh''sJbMrate.m^^ 
not loWfer than iooO'C ancJTibt filgher than the melting 
pbifit 6f the silicon substtate. In pWrticula^ the hyd^^^ 
drir^ealihg at a t^mpbVature ;of higH^er than .lOOO'C-and 
ley^than the. r^ielling point of the silicon brings about a 
large advantageous effect of decireasing steeply COPs 
_ and so forth. The melting point ^f'MlO" ^PPf?"'"^*^ 
ly 1412"C . " .* 

[dOBTJ Taking a diffusion speed and a burden of oxy- 



gen to be irhposed ona heat-treatment4uroace;,it is pref - 
Arable io s^tlheanhealing-tiennperature at a.level which 
is not lower than 800»C and: nof higher than' 1 350»C. 
More'-prelerabiy. the annealing temperature is higher; 
5 than lOOO^C and^not higher than ISSO'C. -.^ 

[0068] " Though a pressure.o1.the atmospher.e:contain- 
ing hydrogen for the hydrogen^annealing may be. at an 
atrhospheric level, a reduced level or an enhanced level, 
it is prelerable th'at atrhosphere is kept atthe atmospher.- 
10 icMeveP(1 .x 'lOS^Pa^Or alevel wrhich.is not higher than 
the atrhospheHc level &hd not lower than 1X:iO^.Pa.. It 
isalsbijareferable to perfornri the hydrogen-annealing at 
a liqhtly Veduced level of. the atmospheric pressure -1 00 
mrri H60 i Def g^etssuch as th^ eOPs caused by outward 
75 diff osibh -of:-oxy^en can be -reduced-.effectively ;by per. 
fbfmrna the hydfbgen^annealing^at a' reduced.pr.essure 
though the effect is dependent on a strUclure:ot a:fur- 
naee-used1brthfe>heat-treatmeht.-vi;^.:> ^ ;. -;."':<■'! 

10069] brdiriary vertical type heat^reatment:1ur- 
20 haee^br a hib'fizbrilal'type heat-lfealment;1umace may 
t)6 u's^d fbrrthe'hydr6geh-arihealing. Theifurnafce;m^^ 
useiari electrical- resistance heater.raf^ 
:h6&te?-brthiB;|ikte> -i^^- ■ '-■-■(•■0 i-" ■ j > 
[6670] ^ ' The fi^drbgert-ahnealing 'rhay be carried out by 
2S utilizing radiation .froi^^a' lairinja which' fecused for RTA 
(Rapid Thermal Annealing) -In this case; an infrared light 
'ahh^aiirig apparatusrusihg a-Hal^^^^ 
•iafiip-aifl^h-4amp''an 

flash lamp or the like maybe- lisedOs a'rapid annea ing 
30 appar^tu^. A larhp used.lor.heating^inparticularlmakes 
It possible to carry-out the hydr6§efi-aHnearmg:iria short 



[00711 '■■ The hydrd^en-annealing cah be carried but for 
sev/er^P s'ebonds^ to Vehs of ihoursppreferably several 
35 seconds to several hours. . . • ; • ■ . ■ ! 



• 1 0?-! '. 



(Step to implant oxygen ions) ' 



.t6072T' ' Prior tome steptb implant oxyge 

40 silicon substrate 21 having the surf^;ce;ilayer 22 
is the Id4% defgbtiV^ lay^r.^it'is pireferablb^^^^^^^^ 
bkide layerbhthesilicbn^Sbbstra^^^ 
'•fkce of th-fe svJrfkce layer 22 so that bxygeri: ions are im- 
planted from the side of the silicfoh oxide layenThermal 
45 bxidizihg 'such as the -loltowirtS bbftbrete.nieans is em- 
ployed afe the abdve-mehtibried oxidizing:^ 'i ' • 
. ' ' so-called dry oxidization ih iwhich oky-gfen gas 
with a carrier gas of nitrogen is flowed, so-called wet 
' oxidizatibri in which oxygen gas is sOpplied bym^ns 
so of hot water; so-cailed steam oxidizatibo using 100./o=ol 
steam or steam with nitrogen gas. so-called pyrogenic 
oxidization in which hydrogen gas and oxygen gas are 
subjected to corrtoustion to water vapor and then the va- 
por is supplied, so-called Og partial pressure oxidization 
55 in which oxygen gas prepared by m&king nttrogen gas 
as a carrier pass through liquid oxygen is flowed', and 
. . - .so-called hydrochloric acid oxidizatioii in which hydro- 
chloric acid gas is added with nitrogen gas and oxygen 
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gas. The silicon oxide layer functions as a protective lay- 
er which prevents the surface of the .silicon substrate 
fronn being roughened by implanting ions: In place olthe 
silicon oxide layer, silicon nitrogen layer may be formed 
by nitriding the surface layer 22. . 
[G073] Needless to say, a protective Jayer rnay. be 
formed by depositing a silicon oxide film or a silicon ni- 
trogen film on the surface layer 22 by a CVD method 
such as a heat GVD methpd or a plasma CVD method. 
[0074] It is priBferable that the protective layer: has 
thickness of . several nanometers to several microme- 
ters. ' i:-.' , 

[0075] Though the ion-implantatiqn layer 24 isJocated 
inside the less detective layer 22:in Figs, 2A.thr6ugh.2C. 
the ion-implantation layer 24 may .be.Jpcated Jnside or 
outside ihe surface layer.22 or.on an interlace between 
= the surface :layer 22and:the regioa23 safar.as a single- 
crystal silicon layer functioning as the SOI layer 26 is a 
less defective = layer. In Fig. 2A,ahe. region 23. ^occupies 
all portions of the silicon substrate which are otherlban 
a reigion (asurface layer 22). which is made Jnto a less 
defective layer by the hydrogen-annealing. It is desira- 
ble to implant ions, so that the projection range R (im- 
plantation depth) of .the ions is iocatedJnside the surface 
Iayert22 shown:in-Fig; 2A. . ::-^>...i ... . . 
[0076] It as needless to say.tbat. gn^entire range,, an 
upfDer surface or a ibpttom surface ,of the silicon sub- 
strate, is formed as the less :def ective. layer 22. . . = , 
[0077] An ion-implaniation layer 124 may be formed, 
tor example.as shownin Figs..1:0A4hrough lOD.iAn.em- 
bod iment . of i ;the- present •. Invention: will be ' exemplified 
brlMlywrthreferehce.toFlgs. lOA throughrlOD. ■:. 
[0078] First, a substrate 121. composed of a single- 
crystal Si wafer is prepared as an.. Si. sfubstrate. and at 
least a main: surface of the substrate^ Is.heat-treated: In 
an atmosphe re contain ing hydrogen. ;the reby f ormin g a 
surface: layer i1 22. \A(hich has. a reduced inumber of de- 
fects due to bulk; -Though the surface layer 122!is traced 
: asif It Js clearly .separated from the rest portion of the 
substrate 12.1 witha border, the surface, layen 122 grad- 
ua!ly.charigesactually..Furthermor^^ 
128 functiqnmg as.a protective iayeKmay be forme^^ 
the surface layer 1 22 as occasion ,dQrnands: (Fig! .1 OA). 
[0079] Then.\oxygen ions are implanted from :th^. side 
of the main surface, i.e., the surface layer. 122- of the 
substrate 121. The lonrlmpjantation layer- 124 Js .formed 
in-the vrciniry.pf.an interface, bet ween a lowjegiop 123 
otthe subslrate 121 and the surface layer l|8 or inside 
the,surface layer 122. Preferably, an impiantatioh ener- 
gy and an Implanting rale are adjusted so that Interface 
between the heat-treated surface layer. 122 and . the 'low 
region 123 Is, Included in a silicon oxide layer when the 
iohrimplantation layer 124 becomes a silicon oxide layer 
after a heat-treatment and ions are implanted in the ad- 
justed conditions of the implantation energy and im- 
planting rate (Fig; 1 0B). 

[0080] Then, the substrate^ 12l_is heat-treated as 
shown Iri Fig. IOC. " ' 



. [0081] . A silicon oxide layer (buried silicon oxide layer) 
125 is thus.forme.d; under the singlercrystal silicon layer 
1 22 which is located on a side of the main surface of the 
substrate ;1 21. ) ; : . 
s [0082] . 'Since the single-crystal silicon, layer 1 22 re- 
maining on the :Silicon oxide layer 125 has been heat- 
treated in the reducing atmpsphere contalning.hydrpgen 
as described above, production of FRDs and COPs Is 
suppressed jn the silicon oxide layer '125. . , . 
10 [0083] By removing the , oxide film 128 from the.siir- 
face Iayer,l22,;a semiconduct^^^ subsirate, (S I MOX wa- 
fer) is o}?ta|ned as shown in Fig. IpD. Needless to ?gy, 
. the surfape^qxide fiim. l^^^^ Opt be removed ^fiH^^^ 
stage, Inrimediately befpre a device processing step in 
'5 order tO;preyent .the. surfaG^.frprTi being coniaminat^. 
The single-crystarsllicori la^^ 1 22.tfi us obtain edjsi^^ 
tened ^nd.uni|9rm!y,thi;r|n by,way.pt the.siiic^^^^^^ 
iayer,125, Vier,eby.j5e|ing/fp^^ 

^ar^a.oyer th^.entire;raogp^pf the^wafer Jhet^ernicon- 
20 .- d.uctqr-,substra.te .tipus.,Qb*tgined isi.Ms^bje preferably lo 

manufacture; an jnsulate.d.e . 

[0084] , fAfterAhesuilacepxidjBfi^^^ 

sen:)if^ductqr .s,^b^ra^ heaUreated once 

.again in a reduqirig atmosphe re^^^^^^ hydrogen as 

25 occasipn .demands,. Surf acje, .rqughness is. srnpothed by 

these heat^tre^tnierits.lTi 

slight scfatlches prr,the sur1^cf sine can srnopth^l^ 
surface wlthputtou^^^ 

polishing function stronger* than a, chemical etchlrig 

30 function. . 

[0085] . Thoijgh , oxygen ioris ,can.be irnplanted at an 
aqcelerating yqltag^ -.yvlthi^ l' keV to 10 

Mey, thiqkipes^ of an i^Or}mp\Br}m\m^^ de- 
pendent jy on leyejs. of acicelje rating yoltag.es and it is 

35 preferableto select an acceierating voltage on the order 
of several tens,keV to 500. key., 

[0086] An implantation radiation dose is 1.6 X 10^®/ 
crrf \o 1 .0 X ,1019 /cm2 more preferably within a range 
frprrj 5,0,^ W^^/crr}^,Xo 5.0 x W^i/crpK . ' 

^""^"^ It desired that o?<yg^^^ are Implanted at 



40 



. JfJDP^rS! HT® ;Witfm!ia;. rainge J:f -gOO^C- to Idof 0 . 
preferably Vjthin a r|rjge frprri 7pp°C, mpr^ pref- 

erably within a fange. f rpm a room 
In particular, it Is preferable that a temperature ^ the 
45 substrate during the iop-impJantatiqn .is .550'*C th^^ 
650?C so as to obtairi a/suifable burled. D^ fi'lm with 
small electric current ieak. " " ' 

190B6] . Tqlrripjaintpjcygen ions intq^a silicon substrate, 
it is.prdipary to select only oxygen idns (b^ 
50 ipus^inc^sof iqnseiTim^^^ 

separating aRparatus..; accelerate .the selected ^O* ions 
at a desired apcelerati^ng yoitia^e.and irripjant the ions 
into a silicon .^ubstr^te with an ion beam obtained by the 
acceleratipn. To Irnpjant the ions into .an 'entire surface 
55 of the subsirate. ions are implanted while scanning the 
silicon substrate with the ion beam. Needless to^say this 

methodls.npt limitative of.the present invention:. - - - 

[0089] On the other harid, it is preferable to impilant 
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oxygen ions by plasma doping (plasma immersion ion 
impiantation) (Jingbao Liu et al.i'Appl. Phys. Lett. 67. 

236f{i995)). • ' ' ■■ : 

[0090] This melhod is configured not to project an ion 
bearn but to irradiate a large area at a tiine. thereby per- 
mitting to shorten a time required for implanting oxygen 
ions but reducing a rnan'utacturirig cosrdf 
ductor substrate. 4 • 

[0091] Furthermore; this method is capable of im- 
planting nitrbgen ions in place of oxygen ions when a 
Silicon hitride idyer is required In place of a silicon oxide 
layer as ah ihsulating layer for an SOI substrate. " 
[6092] Furtherirtiore, it is pbs'slble to implant iohis at a 
plurality of steps' while changing an irhplantatioh radia- 
tion dcise ahd/6r ^ri implamatioh eftefgy (art accelerat- 
ing \/ol&d^). WHSh ah 1nh|)lairitation "energy to be 
' cKarig^d;it1s preferably to selectSin ihniplahtatiori energy 
' level foi- a second step which is lower than thm at a first 
step: When ions are to be inlpianted^ at a plurality of 
step^.Mt is possible to setect cJiffer^ni kinds of ions to be 
implanted' into b silicoW'siilistr^te at different steps. 
When ions are tb be impiahted 3t two stepsv it is prefer- 
able to imf>lanf a first kirid of iorv^ and then second kind 
of ioris Whidh are liglTteir tHdh*e;first W ions For 
e>(^iTipje; cocygeh iori 
lect^ddsthefir^it^ri^ 

[0093] Wfieh a jDrotective' l^yfer' is hot fbrnried on an 

the i6n-impl^ntMk>n layer. U is also preferable to forma 
protective layer on a surface of a silicon substrate after 
an iori-irriplantation layer^ is fdrirnbd! Ih' such a caisfe^ the 
protective layer is capable of prevent 
the substrate from being roughehed by a high temper- 
ature heat-tre^meW foVm'thfe BOX'layer. 

(Heat-treatment steptdteiWi BOXIaVer) 



[0094] Aheat-treMmentatrriospheratoformtheBOX 
layer which is the buried oXide film is ari atmpsphere 
c6nslstin^:maihly^ 

nitrogen; Ar.-'l^W, Kle anS^e; -hipfe preferabiy^^^as at- 
rtiosplVere prepared by dlluting^oxygeh with an inert gas 
(fpr^xarriple/a m of argon and 

oxygen); ' 

[d095] Furthermore; the BOX layer can be formed by 
heat-tr^atrrient in a reducing atnniosphere containing hy- 
drogen. / ih->tihiv 
[00^6] A heat-Vrfeatment temperature to form the boa 
• layer is a'temperature which is not lower than' 600*^0 
and hot higher thari a melting point of siiiconfpreferably 
not lower than"800*»C a'nd =fi6f higher than the melting 
point of silicbr^. more pref eraibly not lower than lOOO^C 
and not higher than r40b'>C. When the BOX layens to 
be formed in a reducing atmosphere containing hydro- 
gen, it is preferable to select ^ temperature which is not 
low^r than 800**C and not higher than 1O00'»C. 
*" [0097] " A heat-t7eatnfieht time to fbrm'the BOX layer is 
not shorter than 0.5 hour and not longer than 20 hours. 



preferably not shorter than 2 hours and not k^nger than 
Id hours. Though'a Heat-ti^eatrnent time as short as pos- 
sible- is preterable>to lower a manufacturing cost. it is 
-desired to specify a heat-treatment time. so;as to form a 
5 uniform and continuous BOX layer. : : ;^ ^ 

[0098] The BOX layer can be formed under ahjatmos- 
pheric pressure, a reduced pressure or an enhanced 

pressurie/ . ; , ' " ^ 

[0099] An SOI substrate is obtained' by lorming the 
10 BOX layer and wheh'the SOI layer 26 has a rough sur- 
face, it is preferable to smooth the surlace of the SOI 
layer after removing the surface oxide film. 
[0100] . Speaking concretely, the surface of . the' S.OI 
layer is smoothed by i cherhibal-mechanical : polishing 
15 (CMP) or hydrogen-ahneialing. Usable as abrasive ma- 
terials for the CMP are polishing grains of a bbrosilicate 
glass titanium didkide. titaniurh: nitride, aluminium ox- 
ide I'l^on nitrate^ cerium .oxide, colloidal silica,: silicon ni- 
tride silicon carbide, graphite and diamond or abrasive 
20 grain liquid consisting of these polishirig-grains andjan 
oxidizing agent such as H^Oa or KIO^ arid ah alkaline 
solution such as NaOH or KOH. - rv : vys; t 
[blOi] ' The surface of the SOI layer can ibe smoothed 
by hydrogeh-anriealingi in an . atmosphere consisting a 
25 1 00% gas of hydrogen or a mixture ^gas o^hydroge^v^and 
a rare gas (Ar, Ne or the' like): The hydrogen-annealing 
allows boron and phosphorus to be diffused out ofdhe 
SOI layer thereby e'nh'ancir\g resistance of dhe SOI lay- 

30 [0102] A temperature for the hydi-bgen-arinealing 
hot lower than SOCC and not higher than melting: point 
of silicon, preferably not lowerthari 800^ C and not. high- 
er than 1 350?Gv more preferably not lower than:850 C 
-and not higher than l250^G:s.i-^:: ; :) : v ' ^ 'l/:''-' 
35 [0103] Though the: atmosphere containing, hydrogen 
ibr the hydrbgWn^anneblin^ :may-6e :kepV 
^ ph^ric pVessufe or a reduced pressure;^ it visi preferable 
to carry^out the^arinealing at an- athn^^ 
(T X 105 Pa) or a pressure whieh^^^ i^ the at- 

40 htespheric^pre^^ure artd rtbt^loweir^thdrt i:^^M^4^Pa. A 
= Slightly reduced pfessure 6ntrie6rde^6f'theatmosf5her- 
■ id f^r^ure -100 mm HgO is rnore pr^^^^ 

drogeini^hnealihg; ' ^'^ ^.^ ' ''\^r' ' 

[01 04] When a protective layer is formed on the sur- 
45 face layer 22. the protective layer is removed as occa- 
sion demands after the BOX layer 25' is formed. The pro- 

tective layer is rerribved by polishing; grinding, CMP; dry 
'etchingor Wet etching (usable as an etch ant is fluoro- 
hitride series; enthylehediamine series. KOH series or 
50 hydrazine series etchani FOrthermore.* usable as an 
etchartt is hydrofluoric acid, a mixture liquid of hydrofluo- 
ric acid to which at least either of hydrogen peroxide and 
SIcohol is added or a mixture liquid of buffered, hy- 
drofluoric acid to which at least either of hydrogen per- 
55 oxide and alcohol is added). 

[0105] The present invention makes it possible to en- 
. - hance a yield of devices by reducing or vanishing COPs 
in SOI layers. Under the present circumstances where 



8 



is 



EP 0 966 034 A1 



it is the that wafers which, have larger diameters. here, 
-after will make it more diffictiltitb enhance qualities of 
crystals; It Is considered that qualities of^bulk wafers are 
to be lowered:-" . s. ' .-^ 

[0106] Accordingly, it will be more necessary' to an'- 
neal silicon substrates with hydrogen before implanting 
oxygen ions. ' • :• : • . 

[0107] Now. the preferred embodiments of the 
present invention will be described. < . > - / . . : 

EMBODIMENT 1 



[01 08] • A first enibodiment of the presentinvention will 
be described with reference to Figs^tSA through 60. 
[0109] '■ First, a silicon substrate 'Bl. isjprepared and at 
least a mgin surface of the substrate is heat-treated in 
. a:redu•cing^atmosphera containing hydrogen. The .hy- 
drogeh-annealfng forms a surface layer, 62. which -Is. a 
less defective layer- which Is free, from defecls^such 'as 
COPs or has a remarkably small number of such defects 
e^ig. 6A). , , 

[0110] Then, a protective layer 68 is formed on the 
surface layer 62. The protective layer. 68 is,. for example, 
a silicon oxide layfer which is obtained.by thermally pxi- 
diziog a surface of the surface layen 62. Needless.tpsay. 
the protective teyer 68 rray. be- formed as: occasion de ' 
m^hds anddmittetli^ . , - : ; ^ 

: [01.11] Aniorii-irTiplantatibn- layer 64: is formed by im- 
planting, oxygen ionsfrom the side of the main surface 
of the silicon substrate 61. i.e.. from the sideof thesur- 
f^ce layer 62 (Fig. .60). After adjusting -ao^accelerating 
voltage and an implantation .radiation dose, the ion im- 
plantation is performed soas to obtain a\desired buried 
oxide film (BOX) layer. ; v.f. - /. 

[0112] By, heat -treating the silicon substrate ; 61 j . the 
Joh-irnplantation layiBr 64 is. changedi lntp a BOX Iayer 
65 as shown In Fig. 6D. Subsequently, an SOI layer 66 
• Which contains no defects. such as the QQPs (pr con- 
tailns'the defects in ^a remarkably small number) cap be 
obtained by removing the. proteclivejayer 6^^ Needless 
to say. the protective layer.ea may -nW :be, renioved t ill a 
cstep.imm^ediatejy,befpre processing a deyiee to prevent 
y cpntaminatipn.pn th e surface. > ... >... . ' '. 
[Qll 3]; -When a=surface of the SOI layer 66 is rough to 
an.'unallpwable degree, it is smoothed by GMP or hy- 
drogen-annealing. 
[01.14]- An SIMOX wafer 67.is completed, in this way. 
This wafer is preferably usable, to manufacture an insu- 
lated electronic element.:. ; 
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substrate, an ion-implantation layer is formed by irn- 
planting pxygenjqns intO:the,s ingle -crystal silicon syb^ 
strate (S2). ,Then..a BOX.Iayer isjprmed.in the sipgle: 

crystal silicon sybstrate by heat-treatingthe single-crys- 
tal sijlGon substrate, in desired conditions (S3). These 
steps" are similar to.those.in the flowchart shown in Fig. 
1. At the step,(.S2). the fprrnation .of the protective film 
may be omitted as. occasion demands.. 
[0117] In this embodiment; "the silicon substrate is 
cleaned (S4) after the BOX layer is formed in order to 
form an lon-implantation layer once again (Ssj. Then.' a 
.heat-treatment is parried out as at, (83) tp^form a BOX 
layen,(S6)..-An -SIMpX. wafer is cornpleted Jn this way 
(S7). When particles exist on a surface of a substrate 
:the particles f unction as masks and the ionrimplantatloin 
'^y^^^n^ay npl.be4p(med at* spr^ne regions, this dmbpd- 
.iment js; capable of preyenting pxygen' ions, from being 

• implanted unyniformly sinpe. it.is configured to cle^n the 
surface of .the.silicon substrate after forming Jhe BOk 
layer and lhenJmRlant io,nS;pnce,a^ 

[0118] Though two Jon impjantatiori steps ^.a^ 

• in Fig. :7v the .ion implantation step may be repeated" at 
any times as^occaslon demands.'F^^^ it'is pref- 
erable to^clean ,the silicon subis'trate.after the stefi (SI ) 
and before the stqp (S2), ^ . . . . * ■ 
[0119] Furtherr^pre. the '.heat-treatrnent to.form the 
BOX:layernriay=be carrle at a single step aftei;c6m- 

•P'eting4he.finaUon.;im^^ 

..[0120], . This ernbpdimQnt will be described. with refer- 
ence to Figs.',8A,thrpugh 8F. " ' ;\ " 
[0121] A silicon substrate 81 hydrogen ranneaied and 
haying,a surface J^yer 82 cpntaininga rerriarkably smaH 

..number of=defects sych as COPs is.prep (Fig!^^8A) 
A protective.. lay^rfie is .fonried on.the surface layer 82 
(Fig-cSB), A reference nyrneral 89- represents .a partjcle 

..adhering to the iSilieon (substrate.. 'f^^^ 
88 is preferable lo.preyenta^surface from being rough- 
ened, by irTiplantingJ.p^s but may not be formed as oc- 
casipaderriands.,. ' r^-"- .; 
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EMBODIMENT ? • , . ' 

[0115] A second embodiment of the present invention 
will be described first with reference. ^to a flowchart 
shown in Fig. 7. . 

[0116] A single-crystal silicon substrate which has 
been hydrogen-annealed is prepared (Si). After form- 
irlg a surface protective film on the' slngleKirystal silicon 



so 
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„ . .. = ,*^P . i9n^implantatipn Jay^^ is formed as 
shown in Fig. 8C. The particle 89%nctions.as a mask, 
.thereby producing a region jn wh'ich the ion-jm plantation 
r 'ayfr^ is not formed Though the. ion-irrip^^^ 
84 IS formed in the surface layer 82 in Fi^. Sd, this Ip- 
:9ation,i.s not limitative needless.tp say * ' . ,! ; * 
[0123]:, TfilPygK a buried, px^^ film. (BOX) iayer'ss' is 
.fprr^ied. subsequently ,by.,carrying put a pr^ 
heatrjreatrnenl. IhgBpx.layer is also, made dis^^^^^^ 
: pus. urider an influence due to.the partjpie 8? (Fig. 8C)): 
[0124] Then. the, .silicon substra'te 8l" is cleanedio re- 
moye the particle 89;(npr shown).' After cleaning, an ion- 
implantation Iayer74 is fojniedoope. again (Fig. SE) and 
a BOX layer 76 Is. formed by carrying "out a desired heat- 
treatment. 

[0125]. An SIMOX wafer 87 which has a remarkably 
smooth SOI layer is completed by heat-treating a sur- 
.tace.ofan .SOl layer 86 in a reducing atmosphere con-— 
taining hydrogen after removing the surface protective 



17 




EP 0 96iB 034 !A1 




layer 88 (Fig. OF). ' ' ... . . 

[0126] Usable as a chemical to cleari ihe silicon sub- 
strate is DHF (rriixture solution "of HF and Hgb). APM 
(mixture solution cbntaining NH4OH arid HaOaV. HPM 
(mixture solutibn containing HG I and HbOj). SPM (mix- 
ture solii^idh contalhitSg H2SO4 and Hps). FPM (mix- 
ture sblLitiori containing HF and H2O2). BHF (mixture so- 
lution ol NH4F, Hi and H2O) or the like. • •' 

EMBODIMENT 3 

[0127] ' Figs! 9A through 9E are schematic sectional 
views illustrating a third ernbodifnerit of the present in- 

veiitibn. '. '. 

[bl28i • A silicon substrate 91 having a surface layer 
9S wKifcH'fias beert hydrogefi^anriealed and a protective 
la'ybr 98 which in formed on the surface layer 92 is pre- 
pa'rdd (Fig. 9Aj.- The protective layer 98 may be omitted 
4s occasion demands. AriMon-implari^ layer 94 is 
formed by implahttng bxygeii ions from the side of the 
'surtace lay■er 98as 'shcn^m^inFig.•9 ' ' " 

[GiM] ' Subsequently, a BOX layer 95 is formed by 
carrying but a desired heat-tr^athr>eht (Flg:-9C): In case 
of iorWihg th6 BOX layer in a rion-oxidizirtg atmosphere, 
it is also preferable to add previbusiy to the nbW-oxidiz- 
ing atmo^pherfe H*yo or fewer of oxygeh; ■ " ' 

[b1 30] Then, the protective layer 98 is removed as oc- 
casion demands'and theB* "the silicbn- substrata 91 is 
gubj'ebtid tb a high temfierature'heal-lre 
ITOX treatment (Internal Thermal Oxidation) in an 0x1- 

dizingWtTK5^phei'©;"''' '''^ . . 

[0131] ■ Tfie' lTOX treatment not' drily forms a sunace 
oxide film 99 once again on a sbrface of the SOI layer 
92'bijt alsbthickferii th'^Mriterhal BOX layer 95, thereby 
erihattcirig' a reliability of thfe' BOX layer (Fig; 9D)- The 
rertioyai of the protectiVb iay"er -9S v*hich is conducted 
pribrtoihe ltdX treatrfieht may be'orriitted. ; 
[0132] When the prbtectK/e layer98 is not fonmed pri- 
or to the formation of the ion-innplantatioH layer ;94 a 
protective layeKmay be fbtoed after the ion-im^^^ 

tibri"iayer 94 isformed.^-'- -- - ' ' 

[0133] gpeakingcohcretbly. rt is desirable to cornpose 

the oxidEzirig atmosphere of oxygen and an inert gas (Ar, 
Nedf the like). ' ' ' 
[0134] To restrict a speed to forrii a surface oxide film 
aricJ prbniote to thicken ari internal bxide film, it is desir- 
able to Ibwer an oxygen coricientfattori on the atmos- 
phere and enhance a heat-treatmerit tenifjerature. 
[0135]' Fbr'th^'ITdXtreatrrienf, it is preferable to use 
an atmiisphere ' containing oxygen, concretely -an- at- 
rhosphere bonsiding oVoxygen and an inert gas (Ar, Ne 
orthe like). Furthermore, the iTOXtreatmerit cari be car- 
ried out in an atmc>sphere kept at an atmospheric level, 
a reduced pressure or an enhanced pressure. An oxy- 
geri concentration ih the atmosphere may be within a 
range from 1 % to 1 00%. 

" [01 36] " It is preferable to carry out the ITOX treatment 
at a temperature within a range from lOOO'C to a level 



not higher than the melting point of. silicon, preferably 
Vithin a range from- 1150?G to a level.npt higher than 
the melting point of silicon. In particular, in case of im-. 
proving the quality of the buried oxide film, it is prefera- 
s ble to carry out the treatment at a temperature nptjess 
than 1 200-C. moreiprelerably within a .range, between 
not less than 1300'C and not more than melting-point 

of silicon. ; : ' ' ' 

[01 37] By removing the surface oxide film 99; as oc- 
10 casion demands, it is possible to obtain an SIMOX wafer 
97 which has a remarkably small number of defects 
such as COPs on a surface of an SOI layer and a BOX 
• layer having a high reliability (Fig. 9E). To prevent the 
surface f romi bfeing;contaminated...the protective layer 
IS • 99 may not beTemoved till a step just befbr.e processing 

adevice'. ■ ' '"' 

[0138] Flatness Of the SOI lay(Br,92can,be enhanced 
>by heatitreating* in a rfeducing atmosphere containing 

hydrogen after rembving the surface oxide filai:99. 
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[0139] Two 8-ineh single-crystal silicon.,;SUbstrates 
(CZ wafers) which were- manufactured byrthe CZ meth- 
25 od' were prepared as silicon substrate8.:.Qhe ol^be.s.g.b- 
stratfes was'heat-treated in a redocihg atmosphere con- 
taining hydrogen. Treatment conditions were an atirios- 
• -phere consisting 100% of- hydrbgenv 1200»C and itwo 
hours. The other substrate was not heat-treated for 
30 'comparison. ■■••>•! - .. ^ r-di' ■ 

[0140] Oxygen' ions are implanted rWith an ;acceletat- 
ihg energy of l8G>keV and at aV.density ofl .&X lO" 
; The substi-ate was kept at a temperature of 550-C 

during the ion implantation. » . ■ - ' ' i, 
35 roi4il Subsequently, each substrate was heat-treat- 
ed in an^atmosphere of ©2(1 0%yAr(90%);at1350»C. for 

• four^hours. ■=■'■ -. ■^ i- 
[0142] - Each substrate was completed as an biMUA 
waf er (SOI wafer) of a sihgle-crystal silicon semiconduc- 
40 tdr layer (SOI Mayer) 179 ■rirh=thi<?k and a buried [silicon 
. oxide layer (BbX layer) i«)0 nrri thick. • • : i '. . a 
[0143]- To detect COPs-bh a surface of . the SOI layer, 
the SOI wafer was treated with an SC-1 cleaning liquid 
(a mixture liquid of 1:0 wt% of NH4OH. 6.0.wt% of H2O2 
45 arid water) for 'ten- minutes: The^number of:COPs jon 
the order of 0.1 to 0.2 |jm) on the .surface- of the SOI 
wafer was counted using a surface particle detector.,(tor 
example. SPrI manufactured by.KLA-Tencor Co.„Ltd.) 
[0144] The inspection indicated 200 COPs. per unrt 
so wafer for the SOI wafer manufactured using the silicon 
substrate which has not been hydrogen^nnealed. ; 
[01 45] On the other hand, the inspection indicated 5 
COPsperunrt waferforthe SOI wafer manufactured us- 
ing the silicon substrate the CZ wafer of wrtnich had been 
55 hydrogen-annealed before implantation of oxygen ions. 

In this way, it was possible to sufficiently reduce in the 
. - ..-SOI wafer the number of COPs which are the defects 
attributable to the CZ-Si substrate. 
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[0146] When the number of COPs per unit wafer was 
compared after removing surfaces approxirnately 79 rim 
thick were removed.from the SOI layers by polishing. or 
oxidation:alnd peeling off oxide films, the surface particle 
detector jndicated:25p GORs on the surface of the SOI 
wafer which had not been hydrogen-annealed and 7 
COPs^or) the surface.pt the SOI' wafer which had.been 
hydrogen-annealed before implantation of oxygen, ions. 
[0147^ Furthernaore, formation of a protective layer by 
oxidizing 'a surface of an Si substrate befpre implanta- 
tion of oxygen ions makes it possible to. effectively pre- 
vent the surface from being roughened by implanting 
ions. 

[0148] It is possible to reduce defects such as COPs 
by further annealing a silicon substrate with hydrogen 
after forming a BOX layer..- . . < : 
[0149]: !n addition. Iti is preferable torform a siliconqx. 
ide layer as a ^protective layer by^.thermally oxidizing -a 
surface of a silicon substrate prior;to format ion of anaon- 
implantation - lay er: ThoughjOSFs.. may ^ be i Jprrried, In. a 
vvafer ahd defects existlng within a region to forrn an SOI 
layerproduGelnfluences on a final SOI layer when a silr 
icpn pxida layer is foi^rhed by thermally oxid^ an or- 
dinary C2 wafer, the present invention which is cpnfigr 
ured to oxidize a.surface of , the surface layer 22 haying 
been hyd^6gen-^nne^IedJs capable oi^ 
f rom^bejng produced. It is considered that. this, effect, is 
,.pbtalrie,d. because; an oxygen concentrat ion.on: th e sur- 
face of the substrate is lowerediby annealing the silicon 
substrate withihydrpgen prior to the forrnation of aprp- 
tectivelayenV..-. - •.. ■>."•^^. 

-=EXAMPLE2^- .-.u.-l:-^" " .i";-...^. 

[0150] Seven single-crystal silicon substrates which 

were>manufactui;e.d^^^.b^^^^ 

as silicon, subst/ates and heaWreated in reducing .at- 
mospheres containing hydrogen in the .conditions listed 
below: 

(1) i2pQPCjor. on4.^ 100% .of, ' [.'\ .... 

-b^ (2>:1.200?g4^^^^^^ " 
(3) 1;2?^-<>^orfpur;.|^^ jn J 00% of fhia^ ^^^^ . 

.(5)/lT00f C for four hou^^^ 96%.c)f Ar 

(6) 1 15p**C4or .ten,rp^^ 100% pf.Hg 

(7) not hydrogen-anheaied before :Oxygen ion im- 
plantation 



[0153] ; ions were irriplanted through the surface sil- 
icon oxide films at a density of 2.x l6'»,^cm-2at 180 keV. 
The ion implantation was conducted at a temperature of 
550;^C. By the ion inriplantatipn, thgre.were formed..sur-: 
5 face layers which.had a small number of def ects as well 
as ion-implantation layers which had concentration 
peaks in the vicinities of interfaces bet\ween thesurfaqe. 
layers ancj.the original substrates.. ' . ./ 
[0154] , Subsequently, the substrates were heat-treat 
ed at 1;35p?;.C for.four<hours. in an atmosphere of 
{10%)/Ar (90%). Byjemoving. the surface oxide films, 
SOI wafers each consisting of single-crystal silicon sem^ 
iconductor layer (SOI layer) 150 nm/burred silicon oxide 
layer 400 nm were completed. 
IS [01 55] To detect COPs on surfaces of the SOI layers, 
the SOI )A^af e/s, were treated with an SC-^l cleaning liquid 
(a rnixture,!iquiqjx>r}sistin^ of . 1 .0 vyi% ^yf NH^OH 6^6 
wl%;pf'H202 and A^water) fpr len mjnines^ Thaniirr^ 
of COPs on surfaces of the SOI wafers was counted wife 
20 .a surface particle deteclpr.(fp.r. exarnple,. SP.-l manufacA' 
• turied. by, KLA-Jencpr .Coiiltd, ). i . ' 

[0156] . , The inspection indicated, 200 COPs per Mmt 
wafer for the SOI wafer manufWured^^rfh.t^ 
substrate which had .not be^n, hyprogeni^annea^ 
^ the^pthei: hapd, the nurnlper of ^C ^'w^rs 
treated in Jh^^conditions^ci) tjirovgh XSy.vv^ 
than 20 though the numbers was more or less. ygr ja&^^^ 
The cpndjtiqnsv.(3) in P^fjrilnedjOycM^'^ " 

SOIjwaferwh^h.had.th^ arid was sub^^ 

30 free from defiBcts such as COPs- , . ! 

IQ1 571 After submerging the completed " SQ^^ 
.strate^,in 49%MP solution for ten. qTiiriutes.jhey^^ 
observed through an optical microscoiDe" When.a Cdp 
exists in. the SOI laye/. an HF etches the. siiicoo •oxide 
35 lay^r throygh^th^ CQR and a circular defect Which j^dj^ 
:cates.^n etchecipprtip 
sen^ble.. jhe^SQr yyafer W^ 
ditions (7Xyyl:!erelt waanot heat^tr^ 
^tgiosphere .h^d ^HF defect pnythe .order' of Y^H/c^^ 
40 . Whereas thelsbl wafer whic:ii was tr^ated'in:the^cSndi^ 
.tipns.(3) haxitl^^ - 

EXAMPLE 3 ' 



[0151] A C2 wafer was not hydrogen-annealed for 
comparison. 

[0152] Surface silicon oxide filnis 50 nm thick were 
formed by thermally oxidizing surfaces of surface layers 
of the silicon substrates subjected to the heat-treat- 
ments. The oxide films; were formed to prevent the sur- 
faces from being roughened by implanting ions. Need- 
less to say. these oxide layers may not be formed as 
occasion demands. ' ~ 



45 [0158] A C2-SI wafer which, was heat-treated aj 
laOCC for two hours in 100% of hydrogen as In (2) In* 
, EXAMf?LE 2-was.prepare^^ 

[0159] ; P+ ions were irpplanled through a sijriace silir 
con. oxide layer tp.2 Pi:iqlZ cm'^ atjeo keV The C2 
so wafer was kept at a temperature of bso^C during the ion 
irnplantatipn. . . . 

[0160]. ^ Subsequently, the substrate was heat-treated 
at 1 350**C for four hours in an atmosfDhere of 62(10%)/ 
Ar (90%). A buried silicon oxide film Ihus formed.had a 
55 , thickness on the order pf 1 0O.nm. { • ' . 

[0161] After clejaning the wafer, 0+ ions were implant- 
ed once again toS x iOi? cmr2 at 1 80 keVand the wafer - 
was.subjecled to a similar heat-treatnrient. The cleaning! 
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ion implantation and heat-treatment were repeated uritj 
oxygen was impfented in a total amount of 2 x 10 

cm"^;" ' ■ ■ ' ■ ' ■' . 

[0162] ' By removing a SLirliace oxide film, ah SOI water 
of SOI layer 150 nm/biiried silicon oxide layer 400 nm 
was completed. ■ ' ' c^rr,i 
[0163] ' ■ The ntjmber of CbPs on a surface of the SOI 
layer was measured as in EXAMPLE 1 and the meas- 
urement indicates COPS onthe order of five per unit wa- 
fer, whereby the wiafer was substantially free from de- 
fects such as GOPs and FPDs attributable to the CZ-Si 
substrate.' " ^ 

EXAMPLE4 * r-j 

[0164] An ^S waf^r'which had a ism&II riunhber of de- 
fects' on a su rf ace was prepared by heat-treating a GZ- 
Si wafer iii a hydrogen atmosjDhere-as'in (2) of EXAM 

.^|■-^v W)- •• •• ■■ ■■■■ 

[dtesj • Fuft'herrn^^^ filin '20 nm thicK 

was formed by thermal oxidation on a suil&ce of ajstn- 
gf^^ciVsta! sHicon-iayier'C^^^ 

fac<^ of %'e Wafer- ' ' ' " ' ' ' ' 
[01 efeV- • O^ idhs'were implanted through the surface sil- 
icott oxide flirn foVx IQi^ cm'^ at 180 ke\A The; water 
vv^s kept at a t^i^peratUi^e of 550' C during the ion im- 

pl^htatibn:" " ' ' ' ' " ' ' ^ . ' '.. 

[bieri* Sub^deiUently, the ioh-.imp!anta\i6n layer was 
dinged into a bij^ifed sife layer by'lfeat^feating 

the substrate at 1 350*C for tbur hours in ah'iatmosphere 
of-626 o%)/Ar (9^^^^^ A wafer cdhsisting of SOT layer 
SOp'nm/buried silicbri^ 13^6^90 
in this way.'"' " . " ' ''V,.. . . , 

[0168]' SUbseg the wafer was further heat- 

treated at 1 350% fbf f bur hours in an atrnospheire of O2 
(70tci)/Ar^ (SaVd): By YemdvVri film trom 

the Sdl laye^ aii SOI wateficbns^ layer'175 
nifh/biiried ^ilicdrrb)(id6 ^ayer 1 10 Yiirv wels ^cbmplet^:' 
[016^] Since the SOI layer w^s a portion of asihgle- 
c^st^l silicon l^er iri' whicli'cJefects we?ref reduced by 
the heat-treatmentiri the hydrogen aitrhosphere, the SOI 
wafer had defects such as GOPs and FPDs on tjie orde 
of five per unit wafer. 



EXAMPLE 5 



[0170] An Si substrate was prepared by treatihg an 
Sb doped n'type silicon* wafer which had specifid'r^sist- 
^nc^ ot O.b05:h.crn (iOO at'1200-C fof'twa hburs in 
idO'^obf hydrqgeri." ' ' . ' . . .. 

[0171] Furthermore, a silicon oxide film 50 nrri thick 
was forrribd by thermal oxidation on a surf ace of the sub- 
strate 

[017i2J ' b+ ions' wer^ iiinplanted through the silicon ox- 
ide film on the surface of the wafer to 4 x l^^^ cm-2 at 
180 keV. The wafer was kept at a temiserature of 550**C 
"during the ion implantation. - - ; 
[0173] Subsequently, the wafer was heat-treated at 



1350**G for four hours in an atmosphere of.O2(l0%yAr: 
(90%). An SOI .wafer consisting-of SOI layer -SOOnnrVlDU r- 
ied;oxidefilrn90 nm .was;thus completedAi- ■ 5: :: 
[0174] "The ;SOl wafer was further .heat-treated at 
5 1350**^ for four hours in an atmosphere of O2(70%)/Ar 
(90%). By removing the oxide.film from the surface of 
the wafer; an SOI wafer consisting ol SOI layer:200 nm/. 
buriedoxidefilrfi 120 nm was completed. - - • 
[0*1 75] The SOniayer of the SOI wafer was substan- 
10 tially free from d^fectis such as GOPs and FPDs which 
were attributabte to*a GZ-Si substrate. ' 

EXAMPLE 6 

IS [0176] 'A 'P+ type Cz-Si wafer having specific resist- 
ance of 0.01 Q«cm was prepared: if j ; * v^i* 
[01 77] =' The ' wafer - was - hydrogen^anhealed ; by[ ^heat-: 
treating^ati 200** GtoWtwo hours* li^ 0 = ' • 

[0178] Furthermore; an SiOa^layer 50 i nm thick was 
so formed by- thermal oxidatioh^on a surface ol ;the subr 
sirate O-^ ions wei-e implanted thr0ugh.tHe.esurface.silir 
con oxide filmtb 2 X tOie cm"? atlBO^keV. The substr^te 
was- kept at a tertiperature of 550«C.durihg the ion im- 
plantation '■■ - = ' 
2S [0179] ■ Subsequently, the' substrate was -heat-treated 
at- i 35G**C forf our hours in an atmosphere, of 02(1Q%)/ 
At (90%)- By removing the surface silicon^pxide film^^^ 
SOI wafer Gonsiitihg of SOI layer 450- nrri^ 
f iim -400 nrirvwas completed.- ' ! ^ ^ -^^o^/: ^ ^ 
30 [0180] .Thfe'SOI Iayer.was substantiallyifree from de- 
fects such as COPS and FPDs whrch were. attributable 
to the GZ-Si substrate. . 
[0181] Subsequently, the SOI wafer was heat-treated 
in an atmosphere of 100% of highly pure hydrogen 
3S which was puWfiedwvith a hydrogen ireflner usingepalla- 
dium alloy (IIOO-^^. 4-h). Aime^^^^^^^ 
rou&hness of this SOI wafer :indicated.that:ro^ 
robf mean' square was improved^from Rrms^= 0^5 nm 
before the heat-treatment to 0.3 nm. ' 
40 [0182] Furthermore, a boron concentration in the SOI 
wafer which was 2 X lO^e/c^ris bfefbre 'th^i heat.treat- 
ment was^owefed t6 a level hot 1iighepthaii:5 X lO^s/ 
cm^ after the heat-treatment in the SOI layer. 
[0183] After an Sbl layer is formed.^ it is preferable to 
45 annealits surf ace with hydrogen alsbtrdm the viewpoint 
to lower roughness on the surface and.densilies of im- 
purities in a isubslratfe:^'-' • ' ' • 



so Claiins ■ ! . 

1. A method for manufacturing a semiconductor sub- 
' strate Gbmprising the steps of : 

ss preparing a hydrogen -annealed single-crystal 

silicon substrate; 

forming an ion-implantation layer by implanting 
" ions in said single-crystal silicon substrate; and 
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forming a buried insulating film In said single- 
crystal silicon substrate." 

2. 'The method for* m'anufaeturihg a semiconductor 
• • • substrate according to claim 1v wherein a protective 

layer iis formed oh said single-crystal: silicon sub- 
strate after said hydrogen-annealed single-crystal 
silicon substrate is prepared and before said ion- 
implantation layer is fomed, and ions are implanted 
from the side of said protective layer 

3. The method for manufacturing^ a . semiconductor 
substrate according to claim 1 or 2, wherein said 
•hydrdgeh-anhealiBd.singlercrystansilicon layer is a 
substrate which has a less defective Jayer. on the 
surface thereof. 

4. ' The fnethod for manufacturing -a semiconductor 
- - ^ ^ substrate according to claim 3,/said.Jess defective 

layer is.a layer which has; eOPs>(ciy.stal:o^^^^ 
" .particles) 'or FDPs ;(f low ipattern. idef ects), on OSFs 
(oxidation induced stacking faililts) na a:, number 
smaller than that in other regions in the single-crys- 
tal silicon substrate. 

5. The method for manufacturing a semiconductor 
substrate according to claim 1 or 2, wherein said 
step of preparing a hydrogen-annealed single-crys- 
tal silicon substrate is a step of heat-treating a sin- 
gle-crystal silicon substrate in a reducing atmos- 
phere containing hydrogen. 



11. .The: method for manufactu.rjng a sernipondyctor 
substrate according claim 1 or 2. wherein said sin- 
gle-crystal silicon substrate Is an MCZ silicon wafer. 

12. The. method for manufacturing, a senriipon^^ 
substrate according tp.claini 3,. wh^ 

of COPs per unit are;a,on a surtace^^^^^^^ de- 
fective layer is not smaller than 0/cm2.and not larger 
than l,6/cm2 , 
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8. 



The method for manufacturing a semiconductor 
substrate according to claim 5. wherein said reduc- 
ing atmosphere containing hydrogen is a 100% gas 
of hydrogen or a mixture gas of hydrogen and a rare 
gas or a mixture gas of hydrogen and nitrogen. 

The method for manufacturing a semiconductor 
substrate according to claim 1 or 2, wherein said 
hydrogen-annealing is carried out at a temperature 
which Is not lower than 800'C and not higher than 
a melting point of silicon. 

The method for manufacturing a semiconductor 
substrate according to claim 1 or 2. wherein said 
hydrogen-annealing Is carried out at a temperature 
in a range between higher than 1000'C and not 
higher than melting point of silicon. 



9. The method for manufacturing a semiconductor 
substrate according to claim 1 or 2, comprising a 
step of cleaning said single -crystal silicon substrate 
before forming said ion- implantation layer. 

10. The method for manufacturing a semiconductor 
substrate according to claim 1 or 2. wherein said 

"Single-crystal silicon substrate Is a CZ silicon wafer. 



13. The, method. for. rnapjJfacturing a .sernicp^ 
. • substrate apcordingito claim 3,;\A/hereip 1^^^^ 

of COPs per unit area 90.3 surface of. said jess de- 
fective layer is not smaller than 6/dm'2'and not larger 
,:than 0.5/crn2 . . . 

.1.4. The. methpd Jor.^niapyf^ct.uri^g ^a, semiconductor 
. ^ :^?4>strateaccorplmgjo^p^^ 

of COPs per unit area on said less de^ 
is not smaller than O/cm^ and riot lar^^ 

; ..= 0.05/cm2.. . . . 

:1.S,; ;The method, fpr - ITfanyfacturing a .s^ 

substrate acqprdingljO^cJain^ 3,! wherie in Yh e,n u^ 
25 of COPs per unit wafer on a surface of said less 
.: ...defectiye layer.js npt.sma^ O.and not larger 

: :lhfin 1PP,.,..,. ::• . ^..* ^/*!.*...,\ ''''' •" 

16. The method.. fpi; majnufacturmg ;ia sern.iconductor 
•30 substrate according to claim 3, wherein the number 
• °t;pQPs..p,er,:Unjt rV^afer.pn.a.siurfaQe ..pf .^said less 
defective layer is^jipt snrTailerthanVoia^^^^ 
than 50. , 

"^^ • 17.-r:;Jhe. 71^thpd..fo.r. .,rn^^ ^semiconductor 
.;. N.^ub^trateapcprding)^^^ number 
of COPs per unit vyafei;|pn ^^syjl^^e of !sa less 
n:' ;d^fectiye layer is. not snrjalier^haK not larger 

. .,. than,ia.,. ^ : ; ^ " " • 

■^'^^!^%^^^}^ i:^9k'.^^Wf.^f^i^(l9k- ^ .-pmiconductor 
substrate accordlrig, ip' Pjaim 3,;^^ oxygen 
density on a surface of said less deifective layer Is 
. '.P9^.*l!9!?.er than 5 X iQi? atoms/cm^ 

1 9.^ Th e^ , m ethod to r . man Pf actu r in g ^ a semiconductor 
. ^^^^!^te acQp^iingtpcl^ 2, wherein saici prcrtec 
■ ; ^ ^'y^.'^)?^,';.'c'rmed on sa^^^^^ sub- 
strate IS asHicpn^Jide J^yer^r siljcpj^nitridW layer 



so 



.55 



20. - The .method fpr manufacturing, a serriiconductor 
substrate accordlng^jo claim V pr. 2;; whe sard 
ion-implantation layer is formed by ihriplanting oxy- 
, * 9®n.|Pns. or nitrogen Ions. 

.21. The method for manufacturing a semiconductor 

fubstrate.according to claim.i or 2, wherein said- - 

Ion-implantation layer Is formed by implanting the 
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ions within a range from 1.0 x lO^^/cnn^ to 1 .0 x 
10i9/cm2; ^ 

22 The method for manufacturing a senniconductor 
■ •substrate according to claim 1 or 2, wherein said 

ibnHrhplahtation layer is formed by a plasma immer- 
sibh'ion innplaritatlon process. ' 

23 The method for manufacturing a senniconductor 
substrate according to claim 1 or 2. wherein said 
varied IhsulatiHg filrn islormed by heat-treating said 

' sihgle^crystarsilicon substrate which said ion-im- 
piantatioii layefis forrn^^^^ ' , 

24 The method tor manufacturing a 'serhiconductor 
substrate according to claim 1 or 2, wherein said 

• sih^le-irystal silicbh^^ubstrate is h^ait-tireated in an 
' bxidizing at^T^ buried -insulating 

• "'^'■;film1s16rth^^_•' :/ 

25 The method lor manufacturing a sdhiiconductor 
substrate according to claim 1 or 2. wherein said 

"'■ silibbi;i stjbstrate is subjected to a surf^^^^ 
atters^ia^iiur^^ forrnedl--;- 

iei 'Thfe' rriethod tor ^liikhufacturing s6micdncJuctor 
substrate according to claim 25. wherein said sur- 
face treatment is polishing and/or hydrogen-an- 

' * nealih'g'bta surtace ' " 

27: A:'methdcj;tor*^^^^ 

'• ' ' sti^ife cbhfipiisihg the'step^ - 

preparing a hydrogen-annealed single-crystal 
' silicdh substrati at ^temperature in a riahge be- 

• ■• - ■ tw^SiVfii|nertfii^^ 

• ■ *■ nrieltWg point of silicb^^ " ' ' : \'\ 

foiTTiingahidn^ifhp^^ 

oxygen ions in said single-crystal silicon sub- 
strata; and . r 

'tdrming abuHedsife^ 
' ^'^-^^l silicon substrate^ " ' ; / 
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tormingaiburied silicon oxide filrn in said single- 
crystal silicon substrate;by a first, heat-treat- 
ment in a non-oxidizing atmosphere; and 
carrying out a second heat-tre:atment of said 
single-crystal silicon substrate in an oxidizing 
• atmosphere Bfter said buried silicon oxide film 
■ is formed;.:' •■ • • • 

The method for manufacturing a semiconductor 
substrate' according to claim 29.- whereir> pxygen 
has been added to said non-oxidizing atmosphere 
in a volume ratio ot .t% or.less. : 

31. A semiconductor substrate obtained by^the rnethod 
- ^ according to. any one of claims lif through 30. 

32. A method of producing a semiconductor device in 
.: Which, an SOI substrate- is manufactured; by the 

V method ot:any. of claims: 1 lo.30 .and.;one pr more 
! .vH'sdmicohduclor imegrated circuitvQ are 
- : ' ; : formed at least in part in the silicon layer on/insulator 
» - layer of ^he: SOI substrate.. r r-: : ; h:;- 



2S 



'30 • V 
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40 



28. The method for hianufacturing a semiconductor 
substrate according to claim 27, wherein a thermal- 

' ' iy oxidized silicdhtilm.^i^^^^ 
' tdctiv^lay^ronahydro 

silicdn substrate and then ions a 
' a side ors^ia thferHnlaliy^oxiaized silicon filnrf.- 

29. A method for TnahutactuHh^^ a semiconductor siJb- 
stiraie comprising thiB steps of: 

preparing a hydrogen-annealed single-crystal 
silicon substrate; 

forming an iori-implantation layer by implanting 
• - oxygen ions in said single-crystal silicon sub- 
strate; 
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